1. Invasive species are a key stressor in freshwater ecosystems. When these species are also ecosystem engineers, their impacts are exacerbated because they modulate resource availability for a wide range of other species. The aim of this review is to synthesise existing knowledge of the impacts of invasive ecosystem engineers in freshwaters and identify knowledge gaps requiring further research. 3. The number of research articles focusing on ecosystem engineers across all ecosystem types is increasing. Despite well-known examples of ecosystem engineer species in freshwaters (e.g. beaver), more research has focussed on terrestrial environments and invasive species.
| INTRODUC TI ON
Ecosystem engineering species, bring about changes to the environment that can alter habitat suitability or community composition (Matsuzaki, Usio, Takamura, & Washitani, 2009; Wright & Jones, 2006) . Ecosystem engineers (a term coined by Jones, Lawton, & Shachak, 1994) act to "directly or indirectly modulate the availability of resources to other species by causing physical state changes in biotic or abiotic materials." In aquatic ecosystems, engineers may modify abiotic conditions such as light, temperature or sediment deposition that can affect a wide range of other species (Sanders et al., 2014 ; Table 1, Figure 1) . The presence or activity of an ecosystem engineer can also modify access to resources or biochemical conditions present within an environment (Jones et al., 1994) .
For example, the ability of submerged macrophytes to take up and store nutrients from water and sediment, in excess of their immediate needs, reduces the availability of nutrients to phytoplankton and creates the stable-state dynamics often seen in shallow lakes (Capon et al., 2015; e.g. Yarrow et al., 2009, Figure 1 ).
Ecosystem engineers may, through creating new structures, mitigate environmental conditions that would otherwise be unsuitable for many other species (Crain & Bertness, 2006, Table 2 ). For example, the beaver increases habitat suitability for waterbirds through the creation of wetlands (Nummi & Holopainen, 2014) . The effects of ecosystem engineering on community structure may be most influential and positive where there are multiple stressors (Crain & Bertness, 2006) . Their role may increase in disturbed environments (Byers et al., 2006) , or those that are experiencing ongoing changes, where they may help to increase ecosystem resilience (e.g. under future climate change scenarios, Kingsford, 2011; Lunt et al., 2013) .
A sound understanding of the role that engineers play in sustaining ecosystem structure and function is therefore essential.
The concept of ecosystem engineers has been criticised on the basis that all species can be defined as engineers (Reichman & Seabloom, 2002a , 2002b ; that is, that the definition is too broad or flexible. However, the concept specifically excludes species that affect ecosystems by consuming other species, or by providing food resources to other species. For instance, experiments showed that at high densities, the New Zealand mudsnail Potamopyrgus antipodarum supports higher densities of common native stream invertebrates and seemingly had no negative effect on their diversity (Schreiber, Lake, & Quinn, 2002) . However, this effect is probably via the production of faecal material that comprises high quality food for invertebrate collectors (Schreiber et al., 2002) , and if so, this species is not acting as an ecosystem engineer in this instance.
Invasive species often form large populations that can increase their impacts on invaded ecosystems, particularly if they act as ecosystem engineers (Figure 1 ). Despite covering only 0.8% of the Earth's surface (Moorhouse & Macdonald, 2015) , freshwater ecosystems support disproportionally high biodiversity in comparison to the area they occupy (Dudgeon et al., 2006) . Many freshwater systems regularly dry out, flood or freeze over, so species that live in freshwaters often have life history traits or strategies that enable them to survive these disturbances (Barrat-Segretain, Bornette, & Hering-Vilas-Bôas, 1998; Hengherr & Schill, 2011; Strachan, Chester, & Robson, 2015) . These often include broad tolerances to environmental variables (e.g. temperature), asexual reproduction, high fecundity, phenotypic plasticity and generalist diets. Such response traits (sensu Strayer, 2012) are also possessed by many successful invasive species (Boulton et al., 2014; Strayer, 2010 ; e.g. Koehn, 2004) , so many freshwater species are pre-adapted to be successful invaders. Furthermore, human reliance on and use of freshwater environments increases the risk that species are introduced outside their natural range (Moorhouse & Macdonald, 2015) . These features make freshwater ecosystems particularly likely to contain invasive species.
The wide variety of vectors by which introductions occur also creates particular problems in freshwaters (Havel, Kovalenko, Thomaz, Amalfitano, & Kats, 2015; Moorhouse & Macdonald, 2015) .
For example, it is notoriously difficult to estimate or prevent aquarium releases that not only release large, healthy individuals but whole communities as well (Moorhouse & Macdonald, 2015) . Invasive species are also more likely to occur in systems with multiple stressors, such as those in urbanised areas (Strayer, 2010; e.g. Quinn, Schooler, & van Klinken, 2011) or in heavily regulated rivers (e.g. Robson & Mitchell, 2010) . Potentially, the impact of invasive ecosystem engineers in freshwaters will be even greater in circumstances where engineers change abiotic conditions to suit themselves (and potentially other invasive species), displacing native species and changing community structure (e.g. Pile et al., 2017) and function (Boulton et al., 2014) . Despite the potential impact of ecosystem engineers biodiversity disproportionate to the area they occupy. Creating predictive models of the impacts of freshwater ecosystem engineers would help anticipate the effects of invasive ecosystem engineers in freshwater and add to the broader understanding of their effects in other biomes.
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aquatic environments, ecosystem disturbance, habitat alteration, invasive species, species traits TA B L E 1 Categories of freshwater ecosystem engineers and their potential effects. Results are drawn from the binary combinations of keywords: "ecosystem engineer*", lotic, river, lake, lentic, wetland, invasive, exotic, introduced and freshwater. Papers gathered through the "times cited" feature in Web of Science using Jones et al. (1994) TA B L E 1 (Continued) F I G U R E 1 A simple conceptual diagram showing potential feedbacks that promote autogenic (which modify resource availability through their physical structures; Jones et al., 1994) or allogenic (which alter resource availability by transforming organic or inorganic matter through a variety of processes; Jones et al., 1994) 
Decreases in phytoplankton
High light availability TA B L E 2 Possible effects of ecosystem engineering on biodiversity. Results are drawn from the binary combinations of keywords: "ecosystem engineer*", lotic, river, lake, lentic, wetland, invasive, exotic, introduced and freshwater. Papers gathered through the "times cited" feature in Web of Science using Jones et al. (1994) were also included Decreased habitat suitability for native species leading to decreased biodiversity and increased numbers of tolerant species
Invasive mussels reduce the availability of food and dissolved oxygen for native species Havel et al. (2015) Altered community composition
Can decrease biodiversity if structural complexity is reduced or becomes homogenous
Red swamp crayfish destroyed up to 90% of macrophytes, allowing phytoplankton to proliferate
Increases erosion or sedimentation rates
Changes river morphology, increased turbidity, destabilises banks
Impatiens glandulifera increases erosion during the drastic dieback in winter Greenwood and Kuhn (2014) Changes flow regime
Changes crucial determinants of freshwater community structure, altering associated communities and biodiversity
Flooding caused by the actions of invasive beaver eliminates surrounding Nothofagus forest Anderson et al. (2006) (Continues)
categories (Dudgeon et al., 2006) means that reviews focussing on other biomes are not necessarily applicable to invasive ecosystem engineers in freshwater.
Therefore, the purpose of this review is to synthesise the effects of invasive ecosystem engineers in freshwater and to identify the knowledge gaps associated with these species. The aim is to address 
| ME THODS

| Definitions
For the purpose of this review, invasive species were defined as species that extend their range or abundance in response to an environmental release, to the detriment of other organisms or ecosystem functions (sensu Boulton et al., 2014) . They are mostly non-native, but occasionally, human actions cause native species to become invasive by increasing their abundance or growth in places where they formerly did not occur. For example, the reed Phragmites australis is native to south-eastern Australia but has become invasive in Australian rivers (spreading from pool margins to runs) due to drier water regimes and increased nutrient concentrations (Boulton et al., 2014) .
Potentially, invasive ecosystem engineers may have positive, as well as negative effects (e.g. Carey, Strachan, & Robson, 2018) .
However, whether the impact of an ecosystem engineer is viewed as positive or negative can be subjective. Therefore, in this review, effects of invasive ecosystem engineers were considered negative if they reduced biodiversity, if a native ecosystem engineer species was replaced or excluded or if a pre-existing, natural community was profoundly altered (i.e. a shift to a different stable state). Effects were considered positive if invasive engineer species supported native species by providing more habitat than would otherwise be present or by supporting rare or threatened species; thereby increasing native biodiversity until native engineering species can be re-introduced after loss.
| Search procedures
Literature was collected primarily through Web of Science, as it is a comprehensive citation database that covers a variety of disciplines.
As Jones et al. (1994) pioneered the term ecosystem engineer, initially, a list of journal articles citing Jones et al. (1994) was generated using the times cited feature in Web of Science and the All Databases section. Articles in this list were then categorised into studies of either of "ecosystem engineer*" AND introduced, invasive, or exotic. These results were further categorised into terrestrial, freshwater, and marine so that trends might be observed. Only those articles reporting results from freshwater ecosystems, including riparian zones and wetlands, were considered further; they were reviewed for evidence of invasive ecosystem engineer effects, including models used to predict impacts as well as reviews.
A fourth literature search combining keywords (using and) was carried out in Web of Science in January 2018. Keywords used were all binary combinations of "ecosystem engineer*" with each of: lotic, river, lake, lentic, wetland, invasive, exotic, introduced and freshwater. To capture those articles where an ecosystem engineer might have been examined but that term not used, the term invasive was combined with each of: "freshwater lake", wetland, lotic, and lentic.
Articles returned from this search were screened to identify those that presented ecosystem engineers (or potential ecosystem engineers) and their impacts and interactions in freshwater ecosystems; these articles were then included in the review.
| RE SULTS AND D ISCUSS I ON
| What are the trends of invasive ecosystem engineer research?
The number of articles citing Jones et al. (1994) has increased over time; however, freshwater and marine articles increased more slowly than terrestrial papers, which increased rapidly after 2006 (Figure 2a) .
Notably, despite a freshwater animal (i.e. beaver) being one of the best-known ecosystem engineers and thus comprising a large proportion of the total research effort in freshwaters (Figure 2a ), there were considerably fewer freshwater than terrestrial or marine studies of ecosystem engineers (Figure 2a ). There were more articles describing the effects of invasive ecosystem engineers in terrestrial than in marine or freshwater ecosystems (Figure 2b ). We identified 114 papers describing the effects of invasive species as ecosystem engineers in freshwater, and the number of studies has increased (although not as rapidly as studies of marine or terrestrial species).
Trends of research on invasive ecosystem engineers generally followed a similar pattern to those studies citing Jones et al. (1994) ( Figure 2c) . However, the difference in numbers is more pronounced, with studies categorised as freshwater returning approximately half that of terrestrial or marine ecosystems (Figure 2c) .
Overall, 141 studies of invasive species in freshwater ecosystems were identified and the number has increased over time, if at a slower rate than other biomes. Given that freshwater species are under greater cumulative pressure from a wide range of stressors, including invasive species, than marine or terrestrial ecosystems the lag in freshwater research on this topic is concerning. Invasive ecosystem engineers may have a number of impacts on biodiversity, both positive and negative, so more information and predictive models are needed to manage these impacts and prioritise limited conservation and restoration resources.
| What are common negative effects of invasive ecosystem engineers in freshwater?
The variety of negative impacts of invasive species on freshwater California sets up a fire-related feedback loop (Coffman et al., 2010) and P. australis in North America sets up either a slow-flow sedimentation loop (Boulton et al., 2014; Galatowitsch, Larson, & Larson, 2016) or a litter-fall related loop (Holdredge & Bertness, 2011) .
The impact of any invasive species depends on how much it can alter ecosystem processes (Boulton et al., 2014) , of which changes in stable-state are perhaps the most profound. Ecosystem engineers, including invasive species, can push an ecosystem from one stable-state across a boundary to a different stable-state (Capon et al., 2015 ; e.g. Matsuzaki et al., 2009; Yarrow et al., 2009) . Carp (Cyprinus carpio) foraging increases turbidity, limiting the light available to macrophytes, F I G U R E 2 (a) The cumulative number of articles citing Jones et al. (1994) since publication, (b) cumulative number of articles citing Jones et al. (1994) addressing species categorised as "invasive", "introduced", or "exotic"; and (c) cumulative number of articles using terms "ecosystem engineer*" and "exotic", "introduced", or "invasive" over time which can cause a rapid shift to a phytoplankton-dominated ecosystem (Table 1, Matsuzaki et al., 2009 altering community structure and function (Matsuzaki et al., 2009) and reducing invertebrate diversity (e.g. Pan, Wang, Pusch, & Wang, 2015) . Although the transition from macrophyte-dominated to phytoplankton-dominated freshwater ecosystems is one of the best-studied stable-state transitions, situations where invasive species are the trigger for change are not as well understood. Understanding these "tipping points" and their triggers would increase our ability to predict the outcomes of invasions by ecosystem engineers. One interesting example shows the potential for invasive zebra mussels to reverse the transition from macrophyte-dominated to phytoplankton-dominated (Sousa, Gutiérrez, & Aldridge, 2009 ; Figure 3 ), something that has otherwise proved difficult to achieve.
Bioturbation, including burrowing, is another process that can be controlled by ecosystem engineers. There are a number of positive impacts caused by burrowing (Table 2 ), yet it may also increase turbidity or destabilise riverbanks (Faller et al., 2016) Pollutants may also be bound to soil particles (Nogaro et al., 2009) released into the water through the burrowing or foraging activities of bioturbators (Harvey et al., 2014, Table 2 ). Pollutant release may eliminate sensitive taxa such as damselflies, allowing less sensitive taxa (e.g. chironomid larvae) to increase in abundance (Nogaro et al., 2009 ).
Invasive ecosystem engineers can introduce new diseases and
parasites that may lead to decline or even loss of populations of native engineers (Chucholl & Wendler, 2017, have lasting effects even after the engineers are removed (Hastings et al., 2007) . These effects could be caused by disease or parasites, or by persistent changes to the physical environment, but sometimes the cause is unclear, hampering ecosystem management. For example, Becker and Robson (2009) show that even up to 8 years after removal of invasive willows and revegetation of riparian zones with native species, the macroinvertebrate fauna in some Australian streams still resembled that of willowed reaches. The cause of these persistent effects is unknown (Becker & Robson, 2009 ), but may be associated with the persistence of a willow-related microflora in the streambed (e.g. McInerney & Rees, 2017) .
| Do all impacts of invasive ecosystem engineers have negative consequences for biodiversity?
Not all engineering impacts by invasive species on native biodiversity or engineers are negative ( range of ecological niches, and food resources (Thomaz & da Cunha, 2010; e.g. Anderson et al., 2014, Table 2 ). For instance, fish abundance and biomass associated with invasive Lagarosiphon major (a submerged plant), was higher than amongst native macrophyte species or unvegetated littoral areas in a freshwater lake in New Zealand (Bickel & Closs, 2008) , probably due to increases in food and habitat availability (Schultz & Dibble, 2012) . The introduced macrophyte Cabomba caroliniana also supports similar macroinvertebrate community structure and diversity when compared to native macrophytes in Kasshabog Lake, Ontario (Hogsden, Sager, & Hutchinson, 2007) . Therefore, in waterbodies where native macrophytes are absent or cannot survive, the presence of invasive macrophytes may provide valuable support to populations of native animals (Chester & Robson, 2013; Paice, Chambers, & Robson, 2016; Schultz & Dibble, 2012 (Strachan, Chester, & Robson, 2014) . Such refuges might be ever more important as the climate changes, making burrows created by invasive species better than no burrows at all.
Invasive ecosystem engineers may enhance energy flow through food webs by the transport of solutes and particles as well as increased nutrient cycling (e.g. Vehkaoja, Nummi, Rask, Tulonen, & Arvola, 2015) . Bivalves influence sedimentation and biogeochemical cycles by removing suspended solids from the water column to the benthos in the form of faecal pellets , Table 1 ). This promotes water clarity and increases nutrients available for other organisms Corbicula spp. appear to preferentially invade sites where human activities have destroyed native unionid mussel communities (Strayer, 1999 ; e.g. Kraemer, 1979) , probably providing resources (e.g. protection and attachment sites; Sousa et al., 2009 ) for native species that would otherwise be lost to the ecosystem.
One unexpected but increasingly reported benefit of invasive ecosystem engineers occurs when they provide refuges for imperilled native fauna (Rodriguez, 2006) . Endangered mayflies Hexagenia spp. were consistently found to be associated with living invasive dreissenid mussels, presumably due to the protection and additional food sources provided by their shells (DeVanna et al., 2011) . Invasive
Indian waterfern (Ceratopteris thalictroides) also provided the majority of habitat for a short-range endemic damselfly in the Pilbara, Australia, necessitating careful management of aquatic vegetation (Carey et al., 2018) . Although such relationships may be unusual, it is important that they are identified where they occur, because they can be locally important for preventing extirpation or extinction of threatened taxa.
The positive effects of ecosystem engineers for some organisms may be negative for others. Beaver dams change flow regimes from lotic to lentic, causing profound changes to community composition and ecosystem function (e.g. Nummi & Holopainen, 2014) . These changes include the provision of increased habitat for herbaceous plant species but the exclusion of native tree species such as Nothofagus in regions where beavers are invasive (Anderson et al., 2006) . Although dreissenid mussel invasion increases biodiversity and density for some faunal groups (such as the provision of new habitat for amphipods), changes in sediment chemistry may negatively affect organisms that burrow through soft sediments (Rennie & Evans, 2012) . Consequently, perception of the effects of invasive or native engineers on biodiversity as positive or negative may depend on the species studied and the location and scope of the research.
Other context dependent factors may also change the impacts of ecosystem engineers on biodiversity (Wright & Jones, 2006) .
When freed from the constraints of their native habitats (enemy release hypothesis, Perkins, Leger, & Nowak, 2011) , invasive crayfish such as Faxonius rusticus (previously Orconectes rusticus) can reach high population densities (Kuhlmann & Hazelton, 2007 ) that change community structure, outweighing the benefits of increased burrow construction. Furthermore, the effects of one invasive ecosystem engineer may ameliorate or amplify the effects of another, so it is often difficult to determine overall effects on native biodiversity and ecosystem function.
| What happens when multiple ecosystem engineers interact?
Multiple ecosystem engineers-native or invasive-may interact in a variety of ways and the outcomes of these interactions are often difficult to predict, as the effects of one engineer may compound, counteract, or mitigate those of another (e.g. Dorn, 2013; Mermillod-Blondin & Lemoine, 2010; Scott, Pray, Nowlin, & Zhang, 2012) . Unfortunately, interactions between freshwater ecosystem engineers often produce unexpected, unreplicated results and there is a paucity of literature on them. Furthermore, lack of recognition of some invasive species as ecosystem engineers (for example alligator weed; Sainty, McCorkelle, & Julien, 1998) limits the potential to predict such effects.
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Some engineers appear to share habitat and resources (i.e. resource partitioning) without compounding their effects on freshwater ecosystems (e.g. Beatty, 2006; Scott et al., 2012) . For instance, native and exotic submerged macrophytes may occur together in mixed stands in shallow wetlands with little evidence of competitive exclusion (e.g. Bickel & Closs, 2008) . Engineers may also act cooperatively, facilitating the presence of other engineers by altering environmental conditions and allowing the co-engineering of habitat (e.g. Stringer & Gaywood, 2016) . For example, zebra mussels (Dreissena polymorpha) filter water and increase its clarity, allowing other engineers such as macrophytes to proliferate (Strayer, 2009 ).
Some positive effects are also quite unexpected, for example, invasive Brazilian waterweed (Egeria densa) provides attachment sites for native engineering plant species (Santos et al., 2011) .
In contrast, competition occurs commonly between engineers, often resulting in negative effects for one species. For example, invasive D. polymorpha has been excluded from deeper waters since the quagga mussel (Dreissena rostriformis bugensis) invaded Lake
Michigan (Cuhel & Aguilar, 2013) . In some cases, the outcome of competition between engineers varies among ecosystems, showing the importance of context on their impact. The effects of P. antipodarum range from undetectable to drastic, the latter when their increasing population changes carbon and nitrogen dynamics in the invaded system (Alonso & Castro-Díez, 2012) . Also, native snails may facilitate population growth in P. antipodarum because it feeds on the eggs of native snails while invasive populations establish (Alonso & Castro-Díez, 2012) .
When an invasive engineer is introduced to an ecosystem, a similar native ecosystem engineer species may decline or disappear (e.g. Johnson, Olden, Solomon, & Vander Zanden, 2009 ). In some instances, at least in the short term, the addition of invasive engineers increases heterogeneity and species richness in the ecosystem (Thomaz & da Cunha, 2010; e.g. Villamagna & Murphy, 2010) , and may prevent further invasion by other engineer species (Corenblit, Steiger, Tabacchi, González, & Planty-Tabacchi, 2014) .
In other cases, the effects of a native engineer curb the impacts of an invasive engineer. For example, native big claw river shrimp (Macrobrachium carcinus) limits the effects of invasive armoured catfish (Hypostomus plecostomus) on periphyton and sediment in the San Marcos River, Texas (Scott et al., 2012) . Alternatively, co-engineering of habitat adds heterogeneity and biodiversity to an ecosystem as more niches are created (e.g. Ward & Ricciardi, 2010) .
However, sometimes this facilitation can promote the success of additional invasive engineers and even create an invasional meltdown (e.g. Cuhel & Aguilar, 2013) where interspecific interactions among invasive species are synergistic (Simberloff & Von Holle, 1999) . For example, foraging by the invasive crayfish P. clarkii releases fragments of the invasive plant Ludwigia grandiflora into a waterway, accelerating its spread yet not limiting its biomass (Thouvenot, Haury, Pottier, & Thiébaut, 2017) . Overall, there have been far fewer studies of multiple ecosystem engineers in freshwaters than in marine systems, with most literature focussed on the impacts of single species. However, even the effects of a well-studied invasive ecosystem engineer may change depending on abiotic conditions, making studies in different regions or ecosystems crucial for understanding potential impacts.
| Knowledge gaps
The ecosystem engineering concept has advanced substantially since it was first developed, but there are still knowledge gaps that are yet to be properly addressed. Modelling the effects of ecosystem engineering to accurately predict where, when, and at what scales impacts will occur is a substantial challenge (Jones, Lawton, & Shachak, 1997; Wright & Jones, 2006) . This includes understanding how invasive ecosystem engineers adapt their growth form to the different challenges presented by lentic and lotic ecosystems.
For example, this is particularly evident in the variable morphology of aquatic plants (e.g. Schoelynck et al., 2014 ). An example of this is the flowering rush Butomus umbellatus, which can change between terrestrial, submerged, and emergent forms depending on the water level (Gunderson, Kapuscinski, Crane, & Farrell, 2016) . These changes in morphology may alter the type of habitat provided to epiphytes and fauna and thereby affect biodiversity. Species traits also affect responses to invaders and the traits of invasive ecosystem engineers affect their impact on ecosystems. Although the traits associated with invasiveness are well known (e.g. asexual reproduction, strong dispersal, large numbers of offspring, early age at reproduction; Boulton et al., 2014) , how these traits interface with the effects of ecosystem engineering, and then in turn affect ecosystems, has not been examined. This is likely to be a fruitful area for further analysis and review. The magnitude of ecosystem engineer impacts may also vary with region, but few comparisons have been made of the effects of the same species among different regions.
Understanding how impacts may vary depending on ecosystem type and region is crucial to formulating comprehensive models of the effects of invasive ecosystem engineers.
Differing models have been used with varying degrees of success.
Models that seek to categorise relationships between ecosystem engineers, their environments and impacts face a number of challenges, including differing spatial scales of effects (Hastings et al., 2007) , temporal persistence of engineer impacts and the intricate interdependence of some species relationships. For instance, some structures produced by engineers may persist beyond the engineer's life (e.g.
willow root mats, Becker & Robson, 2009) . Often, when the impacts of engineers operating in a particular ecosystem have been determined, their effects are shown to be context specific (Berke, 2010; Jones et al., 1997; Nogaro & Steinman, 2014; Wright & Jones, 2006) . There has been a paucity of research on multiple ecosystem engineers (native or invasive) within freshwaters, hampering our understanding of their interactions. This has prevented the development of explanatory (let alone predictive) models identifying the environmental variables that influence interactions between multiple invasive, or between native and invasive, freshwater ecosystem engineers. To produce a generalised framework, further study of these interactions and their outcomes is needed. This may begin to provide information on whether the impacts of ecosystem engineers in their native habitat are transferable to that (or similar) species when they are invasive elsewhere.
For instance, some native species of omnivorous crayfish may become predators when occurring alone in a waterbody. However, when larger, predatory crayfish are also present, the omnivorous species will shift its diet to become detritivorous (Johnston et al., 2011) . Unexpected effects such as these will not be easily predicted, or applied to invasive species, without further case studies of multiple ecosystem engineers.
It should also be noted that there is a focus on documenting negative impacts of invasive ecosystem engineers, particularly those effects that impact on ecosystem services for humans (e.g. Cuhel & Aguilar, 2013; Sainty et al., 1998) . There is a perception that invasive species always have negative effects, or that negative effects will outweigh any positive effects. However, positive effects of invasive ecosystem engineers have been identified in some cases, and these positive effects have important implications for management of invasive and rare species (e.g. Carey et al., 2018) . Therefore, more studies that are designed to identify positive, negative or minimal impacts on native species or biodiversity are necessary to fully understand and perhaps predict the potential suite of impacts of invasive ecosystem engineers in freshwaters.
| CON CLUS ION
We found a paucity of information in the literature for effects of multiple invasive ecosystem engineers. This was especially true for freshwater ecosystems but also translated to whole landscapes.
Currently, both in the literature generally, and freshwater ecosystems in particular, the way in which the impacts of multiple invasive ecosystem engineers translate to the landscape scale is little known. In addition, how external factors, such as interactions with anthropogenic influences (e.g. Lodge, Taylor, Holdich, & Skurdal, 2000; Strayer, 2010 Strayer, , 2012 or keystone species (Jones et al., 1997) may impact an engineer and its effects, also remain poorly understood. Matsuzaki et al. (2009) mentioned the difficulty of transferring results from laboratory studies to the field, and extrapolating to larger landscape and temporal scales. This is a problem for most laboratory-based experiments (Johnson, Rice, & Reid, 2011) , and solutions may lie in contemporaneous laboratory and field studies.
Furthermore, the lack of comparability between studies of invasive ecosystem engineers limits the generalisations that can be made (Wright & Jones, 2006) .
There is a role here for greater international cooperation in the study of species that are invasive across a range of countries and biomes (e.g. invasive freshwater snails P. antipodarum and Haita acuta). Much may be learned by comparing the effects of the same invasive ecosystem engineer across different ecosystems (including native versus invaded), regions (e.g. Romero et al., 2015) , and between different morphologies, phenotypes or genotypes (e.g. Haynes et al., 2012; Schoelynck et al., 2014) . More research on these sources of variability is certainly needed, particularly for invasive engineers. Other factors, such as competition for resources at different latitudes (Romero et al., 2015) , may alter whether the overall effects of invasive engineers are positive or negative for biodiversity and native ecosystem engineers. One particularly powerful way of addressing these questions is to compare the impacts of an ecosystem engineer in its native range to those in multiple invaded ecosystems. This is valuable because it shows how traits and strategies the species uses to survive in its native ecosystem influence its impacts in invaded ecosystems. Other differences, such as larger body size in invaded ecosystems, will also be easier to identify. Without a better understanding of how varying biotic or abiotic conditions might explain impacts of invasive ecosystem engineers, it will be even harder to predict and potentially manage effects when an engineer is introduced into a new ecosystem.
The need for a comprehensive framework to help predict the effects of ecosystem engineers has been highlighted previously 
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